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@ 06J.e,l{HHeHH&tH HHCTHT)'T_HAepH&tx HCcne.n;osaiiHH, Ay6ua, 1·995 

8 n-p-B3aHMO~eRCTBHHX npH 16 r~B/C B 6 cneKTpax ~~eKTHBH~X 

Mace CHCTeM K-Me3oHa C rr-Me30HaMH 3aperHcTpHpOBaHa y3KaH CTpyKTypa 

c napaMeTpaMH, no;ryqeHHfll:MH npH o6pa6oTKe cyMMapHoro cnexTpa: ··M= 

{1627±4) M~Bjc 2 , f=(12::i~) M~Bjc2 . 8 CYMMapHOM cneKTpe 10 CTaH.rta·p

THfll:X OTKJIOH€HHR B o6naCTH CTpyKTyp& Han ~OHOM. KOMITHJIHTHBHNR aHa-

JIH3 pe3yJibTaTOB pa60T ITO HCCJie.rtOBaHH~ pe30HaHCH~X COCTOHHHA CTpaH

H~X Me30HOB B .npyrHX ~KcrrepHMeHTaX He npOTHBOpettHT noJiytteHHOMY 

yKa3aHH~ Ha cymecTBOBaHHe K(1627)-M€30Ha, B 06JiaCTH 1,63 f~8/C 2 

cneKTpOB Mace Knn-cHcTeM aa6n~.naeTcH Y3KHR au6poc (1). BHHcHeHHe 

BOnpOCa 0 cyw.eCTBOBaHHH tflR3HtteCKOrO ~CfliP€KTa 6&JIO npO.llOJIJle"HO. 

Rn6oR tflH3HtteCKHR ~~eKT HMeeT CBOH onpe.rteJI~HHNe CBORCTBa. EC

JIH Ha6n~.naeMNA B BH.lt€ cTpyKTypu B cneKTpe ~~eKTHBHNX Mace ~¢tpeKT 

- qaCTHUa HJIH pe30HaHC, HeKOTOpNe era Ct!OHCT&il. C&H3ii.Hbl C Mexanzr:;= 

MOM o6pa30BaHHSI H· pacna.na. 3TH CBOA:CTBa MOryT npOf!BHTbCf! B OC06eH

HOCTHX KHHeMaTHG:eCKHX pacnpe.neneHHfl: JtJIH C06NTHA: H3 o6JiaCTH CTpyK

Typu, OTJIHtta!OmHx eel OT .npyrHx HHTepaanoa cneKTpa Mace (2+5]. no 

aHaJIOrHH C napuHaJibHO-BOJIHOB~M aHaJIH30M (3aTpy.ltHHTeJibHNM ITpH orpa

HHlJ€HHOA CTaTHCTHK€ HJIH pacna.nax C 60JibillOfl: MHO~€CTB€HHOCTb~) ITpO

SIBJieHHe OC06€HHOCTefl:, KHHeMaTHlJeCKH He CKOppeJIHpOBaHHNX C o6mHM 

KOJIHG:eCTBOM C06HTHA: B 06JiaCTH CTpyKTypH, MO~eT CTaTb .nonOJIHHTeJih

HHM T€CTOM .ltJISI OTJIH'1HSI tflH3HlJ€CKOrO 3~€KTa OT CTaTHCTHlJ€CKOrO BN-

6poca, B&HCHSI!OmHM JleTaJIR o6pa3oBaHHSi H pacna.na H3yttaeMOA CTpyKT·y

pu. 3BeHTyaJibHHR hO~XO~ K aHaJIH3Y .na~T B03MO~HOCTb OTpa~eHHf! B on

HOM pacnpe.neneHHH HeCKOJibKHX CBOA:CTB Ka~.noro OT.lt€JlbHOrO C06HTH51 H3 

o6nacTH CTPYKTyp&, yqHTHBaSI onuospeMeHHO KHHeMaTHlJeCKH He cxoppe

~HpoaaHHHe Mexny co6oA oco6eHHOCTH o6pa3osaHHSI H pacna~a (3+5]. 

ECJIH B n-p-B3aHMOneA:CTBHSiX npH 16 r~B/C ~eA:CTBHTenbHO Ha6~10-

.naeTCfi·¢H3HG:eCKHH ~tp¢eKT, HHTepnpeTHpyeMHA: B (1) KaK K(1627)-Me-

30H,T0MO~HO OJlH.rtaTh npOSiBJieHHH era CBOHCTB, CBR3aHHHX C MeXaHH3MOM 

06pa30BaHHSi H pacna.na, B oco6eHHOCTHX KHHeMaTH'1€CKHX pacnpe.neJISHHR 

.n;nSJ co6HTHH H3 o6JiaCTH CTP.YKTypu. ITOHCK ~THX oco6eHHOCTeA 6un npo

Be.lleH Ha TOM ~e 3KCnepHM8HTaJibHOM MaTepHa~e (HCfiO~b30BaHHOM B (1]) 

C .nayx~eTpOBOA BO.D;OpO.ltHOR DY3HpbKOBOR KaMepH UEPH B n-p-B3aHMO.rteA

CTBHSiX npH 16 r~B/C. B pa60Te ITOKa3aHH pe3yJibTaTH · H MeTO.ltHKa 

fiOHCKa. 
1. B n-p-B3aHMo.neHcTBHHX npH 16 r~B/C cTpyKTypa npoHBJIReTcR a 

0 + - 0 + + - - + + - -
rnecTH cnexTpax 3~tpeKTHBH~X Mace: K n n , K n n n n , K n n n , 

- - + + s s 0 
K n ~ ~ _(qe!u~~:nyqeaue co6UTH5i c 3aperHcTpHposaHHUM K5 -Me30HOM ) 

H K n n , K n n (qeTNp~x;ryqesue co6HTHSI c 3aperHcTpHpoaaHH&M A-

rHnepOHOM). 8 HaCTORmeR pa60T8 aHaJIH3HpoaaJICR OCHOBHOA:, CTaTHCTH-
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0 + -qecxa Haa6onee 3Ha"!HMNA, KaHan pacna~a K(l627)~K5rr rr , 
ma~ 42% cyMMapHoro ~~eKTa. 

COCTaBJH:I!O-

0 + -CHcTeMa K5rr rr -qacrau H3y"!anacb Ha MaTepHane 1684 qerup~xny-
qesux co6NTHH c 3aperHcTpHpoaaHHNM, 
K~-M€30HOM 

O~H03Ha"!HO H~€HTH$HUHpOBaHHNM 

- D++--o rr1p1 ~ K
5

h h h h x , ( ll 

rne rr1 , Pr - nepsHqHue cranxHaa~mHec~ qacTHUN, h+ h- - BTOpH"!Hble 
3apRX€HHue qacrauu, x 0 

HeATpanbHUe qaCTHUH. 
- yneTeBWHe, H€ 3apentCTpHpOBaHHbie· B : KaMepe, 

co6UTHR ·c aepa3neneHHUMH K~/A-qacTHUaMH He 
paccMaTpasanacb, Tax xax 6onee 

MH. flOnpaBKH Ha OOT€pD 3THX 

cet~:eaaA: (1]. 

80% H3 HHX - C06UTHH c A-ranepoaa

npu pacqeTe C06b1THA yt~:HTblsanacb 

*+ 0 + Tax ::Ke xax H npa noacxe H3secTaux pe3oHaacoa K -(892) ... K
5

rr-, 

3aperHCTpHpOBaHHHX Ha 3TOM 3KCfl€pHM€HTaRbHOM MaTepHane (2,3), npH 

H3yqeHHH Cfl€KTpa 3¢$€KTHBH~X Mace CHCTeM& KOn+n- 3apH~€HHbiM qaCTH-
+ s 

uaM a pact~:eTax npHnHcuaanacb Macca rr--Me3oaos (c yq~TOM BH3yanbHOA 

OUeHKH HOHH3aUHH Ha TpeKaX B Ka~~OM KOHKpeTHOM C06b1THH). flo HOHH-

3aUHH ClJ:HTanOCb B03MO~H&M pa3nenHTb + + 
n-, K- -Me30HU C HMnynbCaMH no 

0,7 f3Bjc, n+, K+-Me30Hbl OT npoToHa -no 1,3 f38Jc. 8 t~:eTupexnyqe
BbiX C06&THHX C KO HA€HTH~HUHpOBaHo no HOHH3aUHH npOTOHaMH 117., K+-

S + 
M€30HaMH ~ 3,57. , n -M€30HaMH - 247. BCeX nono~HT€1IOHO 3apRX9HHbiX 

t~:aCTHU. H3 BC9X OTpHUaTeJibHO 3apHX€HH&X ~aCTHU HneHTH~HUHpOBaHO flO 
HOHH3aUHH K--M€30HaMH 2,57. , rr--Me30HaMH - 217. 

3apRX€HH&e qac~HU&, KOTOp&e H€nb3H 

3al{HH, . flpH flOCTpOeHHH CneKTpa Mace 
+ 

rr--M930Hbl, 

8&COK03HeprHt!:HHe 

6uno HneHTH~HUHpOaaTb no HOHH-
0 + -

K8rr n -cHcTeMu npHHHManucb 3a 

nna noauweaua aanexaocTH nonyqeaa&x pe3ynbTaTos sse~eao orpa

HHt~:eHHe Ha TOt!:HOCTb H3MepSHHNX HMflYRbCOB BTOpHt!:HbiX t~:aCTHU. H3 aaa

RH3a 6&RH HCKRDt!:€Hbl BTOpHqH&e qaCTHUU C OTHOCHTeJIOHOA OWH6KOA HM

nynbCa Apjp~lO% (ARR BTOpH~HbiX qaCTHU B 3KCnepHM€HTe <Ap/p>=2,5%), 

B cneKTpe Mace K
0

rr+rr--cacTeMu, noKa3aHHOM Ha pHc.l cnnowaoA 
s 2 

1IHHHeA:, B o6naCTH (1160+1560) M38/c Ha6nDnaeTCR lliHpOKHR MaKCHMyM, 

COOTB€TCTBYDWHR o6nacTH Mace H3B€CTHbiX WHpOKHX pe30HaHCOB (6). Y3-

KaR CTpyKTypa B o6naCTH · (1600+1680) M3Bjc2 COOT.B€TCTByeT npennona

raeMOMy K(1627)-M€30Hy. 8epORTHOCTb CnyqaA:HOro CTaTHCTHt!:SCKOro Bbl-

6poca B 06naCTH CTpyKTypbl Ha HHTepsane (1520+1760) M~B/c2 COCTaB-
-3 

naeT P ;:$ 2·10 , CTaTHCTHt[€CKaH 3Hat~:HMOCTb CTpyKTyp& - 4,6 CTaH-

napTHbiX OTKROHeHHA Han ~OHOM (1). 0THOill€HH€.CHrHanj~OH paBHO 0,27. 

KOM6HHaTOpH&A ~OH ( OTHOW€HH9 KORHt!:eCTBa KOM6HHaUHA K ~Hcny C06U-

2 

THA ) s o6nacTH cTpyKTYP~ paseH 1,12 . cpenHHA sec KoM6HHauaA c K
0 

+ - s 
~ rr rr paseH 1,10. cpenHee ~KcnepHMeHTanhHoe pa3peweHHe 3~eKTHB-

HNX MaCC B 06naCTH CTpyKTypu paBHO 14 M38/C
2 

0 + -npoueccu c o6pa3oBaHHeM cacTeMN K5rr rr MO~Ho 3anacaTb xax 

0 + - + - 0 
rrrPr ~ (Ksrrlrrl)h2h2X , (2) 

+ -r.ne rr
1

, rr
1 

KOM6HHaUH!O 

- 3apR~eHHble qacTHUbl, sxo.nRmae s n106y10 paccMaTpasaeMy!O 
KOrr+rr-, B npennono~eHHH rr+, rr--M€30HOB (C yq~TOM OU€HKH 

s + -
HOHH3aUHH Ha Tpexax), h

2
, h 2 - 3ap~~eHH~e qacTHU~. conposo~~a~~ae 

o6pa30BaHH€ CHCTSM~ (pacCMaTpHBa€MOA KOM6HHaUHH), XO- yneTeBWH€ 

H€3aperHCTpHpOBaHHUe H€ATpaRbHU€ qacTHUU. 8 qeTYp~xnyqeBOM C06&THH 
0 0 + -C K
8 

Ma~C~Y.afl-h~O B03MO~RW qeT~pe KOM6HHaUHH Ksnlnl' HO BO MHOrHX 

co6&TH~X HX M9HbW€ H3-3a H€COOTB€TCTBHH HOHH3aUHH Ha TpexaX 3apH

~9HHHX qacTHU 3a~aB3€MHM rHOOTe3aM HRH HenocTaTKa.TOt[HOCTH H3Me

peHHR KOpOTKHX Tp€KOB (CM. BUill€). 

flpOBepHnOCb npennono~eHHe 0 TOM, qTo B n-p-B3aHMOA9ACTBHHX npH 

16 f38/c a npoueccax (2) conposo~na~maH o6pa3osaaae paccMaTpHsae-
o + - + MOA KOM6HHaUHH K
5

n
1

rr
1 

qaCTHUa h
2 

RBnReTCR npOTOHOM. H3 cneKTpa 

MaCC, OOKa3aHHOrO Ha pHC.1 cnnOWHOA nHHHeR, HCKn~qanHCb KOM6HHaUHH 
0 + - + ' + K rr

1
rr

1 
C qacTHU€A h

2
, H~SHTH~HUHpoBaHHOA no HOHH3aUHH xaK n HnH 

K~. 8 3TOM cnyqae 3Hat[HMOCTb OHKa B HHTepsane (1600+1680) M38/C
2 

YMSHbWaeTCR Ha 25%. HeT npOTHBOpeqHH TOMy, t[TQ CTpyKTypa o6pa3yeT

CH B conposo~neHHH K+ ana rr+. 

flO-BH~HMOMy, KaK CBHneTenbCTBy~T OCTanbHH€ KaHanu pacna~a 

K(1627) H npOUSCCH, B KOTOp&X OHH npORBnRDTCH (CM. BUW€), K(1627) 

B rr-p-B3aHM6neACTBHHX npH 16 f38/C 6onbW€A qaCTb~ 06pa3y€TCR B 

npoueccax c nepe3apsnxoa ayxnoHa. npa aaanH3e pe3ynbTaTOB ony6na-

KOBaHHNX pa60T flO HCCnenoaaHHD pe30HaHCHHX COCTORHHB CTpaHHNX Me-

30HOB s npyrax 3KCnepHMeHTax [1} TaK~e OTMeqeao, t~:TO s npoueccax c 

OC069HHOCTb B o6naCTH MaCe& 1,63 f38jc
2 

HYKROHHOB nepe3apR~Koa 

cneKTpOB Knrr-CHCT€M npORBnReTCR. 6onee OT~eTRHBO. 

nposepanoco npennono~eaue o TOM, qTo a npoueccax ( 2) conpo

sox~aiOruas. o6pa30BaHH€ KOM6HHaUHH K~rr~rr~ qacTHUa h; RBRReTCR K-~Me-
30HOM. H3 cneKTpa Mace, noxa3aHHoro aa pHc.1 cnnowHoa nHHHea, Hc-

0 + - -KJIDlJ:aJIHCb KOM6H'HaUHH K
5

rr
1

rc
1 

C qacnmeA h 2 , HneHTH~HUHposaHHOA no 

HOHH3aUHH KaK n--M€30H. 8 ~TOM cnyqae 3Ha~HMOCTb OHKa yMeHbwaeTCR 

Ha 38%. HeT npOTHBopeliHR TOMy, t!:TO CTpyKTypa o6pa3yeTCR B CO

npoao~neHHH rc-
0 + -Ha pHC. 1 nyHKTHpOM flOKa3aH CO€KTp Mace K5rt TC -CHCT€-MN B npen-

3 



nonoxeHHH Taro, '1TO a npoueccax (2) conposo~na~maa o6pagosaHHe 
0 + - - -

KOM6HHaUHH K5 rr1 rr1 OTpHUaTeJibHaR qaCTHUa h
2 

RBJIR€TCR IT -M€30HOM (C 

Ytf~TOM OUeHKH HOHH3aUHH Ha TpeKax), 3Hat:IHMOCTb CTpy'KTYPI:l He H3Me

HHnaco. npoueccl:l c o6pa3osaaHeM K(l627) MO~Ho 3anHcaTb KaK 

+ - 0 rr1p1 ~ K(l627)h
2

rr
2

x , 

0 + -K(l627)-+K5rr
1

rr
1 

( 3) 

0 + -
H3yqeH~e CHCTeM~ K5 rr rr noKa3aRo, qTo pacnpeneReHH~ no 3¢¢eK-

THBHWM MaCcaM nR~ BCeX npyrHX B03MOXHHX fHflOT€3 0 3apRX€HH~X qac

THUax 3TOR Tp~xqaCTHtfHOR CHCTeMH C yq~TOM OU€HKH HOHH3aUHH Ha Tpe

KaX ( C 3aMeHOR Mace flHOHOB B pactt~Tax MaCcaMH ttaCTHU K±, p, P '} He 

HM9!0T CT8-T!-!CTY."!SC!O:! 3-Ha'{:{~.U.ZX OCC6em;:cc<e:t ii iipiiSOlliiT i\ iiCti€'3HO&e

HH~ flHKa, a He K ero C.llBHry. CTpyxTypa COXpaHReT 3HattHMOCTb npH .. 
npoaepxe OTpaXeHHA K -(892)-pe30HaHCOB. AHaRH3 TIOKa3aR OTCYTCTBHe 

xacxanuwx pacnanoa CTPYKTypw. CTpyxTypa He RBRReTcR nponyxTOM pac

nana KaKHX-RH6o .llPYfH-X p930HaHCOB, B~RBJieHH€ KOTOpl:lX B03MOXHO Ha 

naHHOM 3KCnepHMeHTaJibHOM MaTepHaJie. He HaAneHO yKa3aHHR Ha COBMe

CTHOe pox.ueHHe cTpyxTypy c npyrHMH B03MOXHI:lMH pe3oHaHcaMH. 

2. 8 (1] OTMettaJIOCb, tfTO H3yttaeMaR CTpyKTypa o6pa3yeTCR B o6-

JiaCTH rr-p-B3aHMoneRCTBHA, 6JIH3KOA K U€HTpaJibHOA. 61:lJIO C.lleJiaHo 

npe.unonoxeHHe o TOM, ttTo npoueccl:l c K{1627) (Kax H c y3KOR 6apHOH

HoR CTpyKTypoR R(3520} {2+5J ) npoR:BJIR~TCR B rr-p-B3aHMO.Il€ACTBHRX C 

TIOBI:llli9HHOR HeynpyroCTb~. flOBI:lWeHHe HeynpyrOCTH a,llpOHHHX CTOJIKHOBe

HHR ConpOBOX.IlaeTCR TIOBI:llli€HH€M 3HatteHHR qeTI:lp~XM€pHI:lX HMITYAbCOB, 

ttaCTHU BTOpaqHHM. 8 OTRH~He OT np9-nepenasaeMI:lX OT CTaRKHBa~mHXCR 

ueccos c R(3520} HeT yKa3aHHR Ha KBa3H.llByxttaCTHttHOCTh npOU9CCOB C 

K(l627). 803MOXHO TI03TOMy He Ha6;rnnaeTCR 3aMSTHOR aCHMMeTpHH Me~

liY pacnpeneneHHRMH no Ksa.upaTaM tteTup~xMepal:lx HMnynbcos, nepe.llaH-
, 0 + -

HNX CHCTeMe K5 rr IT , .!lJIH C061:lTHH H3 06JiaCTH CTpyKTypu H COCenHHX 

60KOBNX HHTepBaJIOB. 

0 + -.nn~ Bl:lRCHeHHR xapaxTepa HeynpyrocTH npoueccos c K(1627)~K5 rr n 

6Hn paCCMOTpeH 3~€KT JlH.!lHpOBaHHH, $parMeHTaUHOHHOrO 06pa30BaHHR 

BTOpHttHI:lX qaCTHU, TO~€CTB€HHI:lX CTaJIKHBanmHMCH, npORBJlR~lliHRCR- B 

nepa~epatteCKHX CTOJIKHOB€HHRX. 

8 pa6oTe (7] B 3TOM xe 3KCnepHM€HTe (rr-p-B3aHMOneRCTBHR rtpH 

- + - - 0 16 f!8/C) H3yttanCR 3KCKJI~3HBHNA KaHan peaKUHH n p ~ prr n IT TC 

6NJIO ITOKa3aHO, ttTO rr+, rr
0 

-Me30Hbl B OCHOBHOM o6pa3y~TC51 B 06JiaCTH 

ITHOHH3aUHH, B UeHTpaJibHOA 06naCTH rr-p-B3aHMOneRCTBHH npH 16 r3Bjc. 

npoTOHN B OCHOBHOM o6pa3y~TCR B 06JiaCTH ~parMeHTaUHH MHW€HH, rr--

4 

M€30Hbl - KaK B 06JiaC-TH fiHOHH3aUHH, TaK H B 06JiaCTH !flparMeHTaUHH 

nepBHt{HbiX IT--Me30HOB. npH 6JIH3KHX Cp€,llHHX 3Ha"ieHH5l:X nonepetfHblX HM-· 

nyJibCOB 3THX tfaCTHU cpenHHR npOJlOJihHI:lR HMriYJibC npoTOHOB B C.U M. 

rr-p-B3aHMOJleRCTBHR HM€€T 60JibWY~ OTPHUaTeJibHyn BeJIHllHHy, cpe.llHHR 

npOHOJibH~A HMfiYRbC rr--Me30HOB HMeeT nonO~HT€RbHY~ 

' TeJibHO 60JibWy~, tfeM cpeHHHe npOHOJibH~e HMriYJlbC~ 

B€JUl'1HHY, 3HallK

rr +, rr
0 

-Me30HOB. 

flOKa3aHO, ttTO C yMeHblli€HHeM MHOX€CTB9HHOCTH TIHOHOB B H3ytteHHI:lX 

3KCKR~3HBHI:lX KaHaJiaX peaKUHR 3¢$€KT ~parM9HTaUHOHHOfO xapaKTepa 

06pa30BaHHR npOTOHOB H rr--M€30HOB yBeJIHttHBaeTCR. CneJiaHO 3aKJI~tte

HH9 0 cyweCTBOBaHHH JIH.IlHPY~WHX ~parMeHTaUHOHHHX ttaCTHU - npoTOHOB 

H n--M€30HOB. 3TO HHTepnpeTHpyeTCR KaX .llOKa3aTSJihCTBO TOfO, tfTO 

JJ;Be CTaJIKHBa~utH9CR ttaCTHUbl: _(B ,.naHHOM cnyttae p H n -) HM9!0T T€H.ll€H

Ut-f!O x coxpaaeHH!O caoero 3apR.na, uanpasneHHR .IIBHllr.:eHHR H nepBOHa

ttanbHOA 3HeprHH (7} . 

AHanoraqa~e pe3yJibTaT& npH 6onbmax cTaTHCTHKax 6&na nonyttea& 

B MHOfQqHCJISHH~X pa6oTaX, H3yttaBWHX HHKJI~3HBHHe npOU9CCI:l BO B3aH

MO.!leACTBHRX pa3JIHttHI:lX ttaCTHU C pa3HNMH 3HeprHRMH, ( CM., HanpHMep, 

o63op .n.P.o. MoppacoHa, [8] ). 3¢qleKT JIHnHposaaHR, ~parMeHTaUHOH

HOro o6pa3oBaHHR B OCHOBHOM BTOpHttHHX ttaCTHU, TO~.IISCTBeHHNX CTan

KHBa~mHMC~, npORBnaeTca B MRfKHX B3aHMO.!l€ACTBHRX npa Man&X nepe

.llaHHUX 3THM ttaCTHUaM tt9TI:lp~XHMTIYJibCax. KaK onHH H3 npHMepOB, B {8] 

rrpaseneHw pacnpe.neneHHR HHKJin3HBHI:lX .llH~epeHUHaJibHNX ceqeHHA o6pa-

+ - + 
30B.aHHR n ,TC -M€30HOB B n-p-B3aHMO.lleACTBHHX npH 16 r38/C ITO Be-

* * JIHttHHe X=pL/p X' r.ne + _ rna 
Cbl: IT , IT -Me30HOB B C 

* * PL' Pm~x - .npO.IlOJlbHbiH. H MaKCHMaJlbHbi:R HMriYJib-

U M rr-p-s3aHMo.neACTBHA. 8o ~parMeaTaUHOHHO~ 

o6nacTH nyttKa cetteHHe o6pa3oBaHHH naoHoB Taro ~e 3apana, ttTo H aa

neTa~mHe, 3HaqHT€JlbHO 60RbW€ CetteHHR o6pa30BaHHR TIHOHOB TipOTHBOTIO

JIO~HOfO 3apRna. BYnenR~TCR npoueccu c ~parMeHTaUHOHHbiM o6pa30BaHH

eM ttaCTHU, TO~eCTBeHHUX HaJieTaiDWHM. 

8 pa3JIHt{Hbi:X TeopeTHqecKHX MO..R9JIRX a.llpOHHNX B3aHMO.lleRCTBHA 3TOT 

3~~eKT HMeeT CBOH HHTepnpeTaUHH. C ~eHOM9HOJIOfHqecxoA llr.:e TOttKH 

3peHHR npoueccw c 3THM 3${l€KTOM Ha3HBaiDT npoueccamr c "ManoJ::t" [9} 

HJIH "orpaHHtt€HHOA 11 [10} HeynpyroCTb!O. 3~~eKT JlH'.llHpOBaHHR, ~parMeH

TaUHO~HOfO o6pa30BaHHH qacTHU, TO~.ll9CTB€HHI:lX CTaJIKHBa~WHMCH, HH

TepnpeTHpyeTCR KaX CJI€.1lCTBH€ OTHOCHTeJibHO ManoR HeynpyroCTH. a.!lpOH

HI:lX B3aHMO.IIeRCTBHR C MaJibiMH nepe.nasaeMWMH 3THM ttaCTHUaM tteTNp~XHM

nyRbCaMH. COOTB€TCTB9HHO, B3aHMO.II€RCTBHR C 06pa30BaHH€M ttaCTHU, 

TOllr.:.ll€CTB€HHI:lX CTaJIKHBaiDWHMCH, B U€HTpanbHOR 06JiaCTH, TIO-BH~HMOMy, 

6onee HeynpyrH. CJienoaaTeJlbHO, BTOpHttHH€ qaCTHUbl:, TOX.II9CT89HHI:l9 

CTaJIKHBaiDWH~CR, MO~HO paCCMaTpHBaTb KaK HH.IIHKaTOpl:l CTeneHH Heynpy-
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PHC. 1.. PacnpeJJ;eJieHHe B3B€W€HHbi:X 
0 + -K6rr rr -cHcTeMbl:. cnnowaaa JIHHHR 

KOM6HH8UHR flO 3~eKTHBHNM MaccaM 

- nonaoe pacnpeneneaHe. flYHKTHp -
pacnpe,.lleJieHHe a npe.n:nonoxeHHH 
,l(a~maa o6pa30BaHHe KOM6HHaUHH 

JISI€TCH rr--Me30HOM CcM. TeKCT) 

conpoaoJK
OTpHUaTen&aaa qacTHua·h; aa-

Taro, qTo a npoueccax ( 2) 
0 + -

Ksrrlrrl 

1000 

o' 

'Z 500 
l 

r' 

0 I ..JI' I '·•;.0., I 
-1 _n r: A 

PHc .. 2. PacnpeneneHHH rr+, rr -Me3oHoB no aenHqHHe XF. cnnowaaH nHHHH 
- + - pacnpeneneaHe rr -Me30HOB, nyHKTHP - pacnpeneneaHe rr -Me3~Hoa. 

- + B3aeweaaoe KonHqecTao rr -Me3oHo8 B pacnpeneneHHH - 3588, rr -Me3o-

HOB - 3047, P83HHUa 06yCROBReHa 6~RbWHM npoueHTOM HneHTH$HUHpOB8H

HUX no HOHH38UHH M8R03HeprHqH~X npOTOH08 H K+-Me30HOB no cpasHeHH~ 
C K--Me30H8MH {CM. TSKCT) 

6 

rOCTH aJI_pOHHbiX CTOJIKHOB€HHI1. CHJibHO€ H3M€H€HHe nepaoHaqaJibHOfO Ha

npaBJI€HHR H HMITYJibCa y 3THX ~aCTHU, 60JibillHe nepenaHHbl€ HM qeTblpex

MepHbl€ HMnyn&Cbl yxa3blaaoT aa npoueccbl c noablweaaoR aeynpyrocTbO. 
KaK H B JlpyrHX npoueccaX 7l-p-B3aHMOJleACTBHR npH 16 f38/C (7), 

0 -

:e::::p:::~:::~:ac:~bl:~~:e3:H::p~:~::":::a:~::e::::ea::::"~;::a:o= 
HbiX HMnynocoa. B Ta6JIHue 1 noKa3aHY cpe..llHHe nonepe4Hble H npoJIOJib-

- * Hble HMOYJibCbl B C U M 7l p-B3aHMOJleACTBHA ( <pT> H <pL> ) nnH 3apH-
+ -~eHH~X qacTHU B npennono~eHHH IT , IT -Me30HOB (C yqeTOM OUeHKH 

HOHH3aUHH Ha Tpexax). 8 npenenax owH60K cpenHHe nonepeqH~e HMnynb

cu rr+, rr--Me30HOB onHHaKOB~. cpenHHR npononbH~A HMnynbc y rr--MeJo

HOB HaMHOrO 60RbWe, qeM y rr+-Me30HOB. 8 na6opaTOpHOA CHCTeMe cpen

HHf'i HMfi}'JlDC <p> y rr--Me3DHOB HaMHOrO 60RbWe, qeM y rr+-Me30HOB; 

cpenHHA yron oTxnoHeHHH HanpaaneHHH rr- aT aanpaaneHHH nyqxa rri 
- - - + <8(rr
1

,rr )> MeHbWe, qeM <8(rr1 ,rr )> (Ta6n. 1). 
+ -Ha pHc.2 noxa3aH~ pacnpeneneHHR n, rr -Me30HOB no nepeMeHHOA 

* - * + - -XF=2pL/VS, rne PL - npononbHUA HMnynbC rr , n -Me30HOB B C ll M n p 

-B3aHMOneACTBHA, yS - nonHaH 3HeprHH rr-p-B38HMOneACTBHA. no cpaB-
+ I - . 

HeHH!O C rr -Me30H8MH OTHOCHTeRbHO 60RbWaH qacTb IT -.Me30HOB o6pa3y-

eTCH 8 06R8CTH ¢parMeHT8UHH nyqKa (pHC.2) H HMeeT MeHbWHA K8anpaT 

qeT~pexMepaoro nepenaaaoro HMnynbca oT aaneTa!Oruero rri-Me30Ha (Ta6-

nHua 1). W3bHTHe H3 rr+-Me30HHOrO cneKTpa Ha pHC.2 qaCTH BUCOK03He

prHqHYX qacTHU, cpe~H KOTOpYX eCTb HeHneHTH~HUHp088HHYe no HOHH38-

UHH npOTOHU H K+-Me30HY, YCHRH8aeT 3¢¢eKT, pa3HHUY 8 cneKTpaX nO 
- + nepeMeHHO~ XF nna rr H rr -Me30HOB, TaK K8K -8~COK03HeprHqHUe qaCTH-

UN COOTBeTCT8yPT o6naCTH ~parMeHT8UHH nyqxa B cneKTpe no 

OORO~HTenbHO 3apa~eHHUX qaCTHU B npennono~eHHH rr+-Me30H08. 

XF nnH 

Cpe.nH 

8NCOK03Hep!H4H~K OTpHUaTeRbHO 3apH~eHHNK qaCTHU eCTb HeHneHTH~HUH

p088HHNe ITO HOHH3aUHH K--Me30HY. OUeHKa 00 HOHH3aUHH (CM. pa3-

,nen 1) noxa3ana, .qTo K- -Me30HOB s npoueccax c o6pa3osaHHeM K
0 

3Ha-
+ s 

qHTenbHO MeHbWe, qeM K -Me30HOB H npOTOHOB. 

Pa3HHUa 8 cnexTpax no XF H 8 npHseneaa~x cpenaax 3HaqeHHfi.X 
+ - . napaMeTpo8 n , rr -Me3oHOB yKa3usaeT aa TO, qTo (KaK H 8 npoueccax 

6e3 CTpaHHNX 48CTHU) 8- IT-p-B3aHMO,ll,eRCTBHHX OpH 16 r3B/C 8 qeTNpex

ny4eBNX co6uTHHX c o6pa3osaHHeM K~ sunenHIDTCH npoueccu c ~parMeH
TaUHOHHYM 0.6pa3oBaHHeM qaCTHU, TO~.D.eCT8eHHNX H8R~T8!0UJ,HM. 3TH npo-

ueccu, no-B H.UHMOMY, HMePT OTHOCHTeRbHO MeHbWYID HeynpyfOCTb 00 

cpasHeHHID C npyrHMH, a BTOpHqHUA rr--Me30H MO~HO HCnORb30BaTb KaK 

HH.UHKaTop cTeneHH aeynpyrocTH 83aHMoneAcT8HA .nnH su.neneHHH npouec

cos C OTHOCHTenbHO 60RbWe~ HRH MeHbWe~ HeynpyrOCTbiD. 
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Ta6mrua 1 

CpeAHHe 3Hat.teHHSI napaMeTpOB BTOpHqHblX rr+ rr -M830HOB 

* - + - + qacTHUa <pT> <pL> <p> <B(rr
1

,rr-)> <-t(rr1~rr-)> M38/C M38/C M3B/c pa~. (r3B/c) 2 

n+ 346±4 86±9 1955±35 0,368±0,007 2,57±0,05 

rr- 354±4 238±9 2526±41 0,298±0,006 2,05±0,04 

Ta6JIHUa 2 

Cpe.llHHe 3Hat.teHHR napaMeTpos rr;-Me30Ha, conpoao~a~mero o6pa3oaa
o + -

HHe CHcTeMu K5rr1rr1 , llJIR npoueccos a OT.lleJibHUX HHTepsanax cneKTpa 
Mace CHCT8Mbl 

<pT(rr;)> * - * (rr~,rr;)> <-t(rr~~rr;)> 
MHTepsan <pL(rr2)> <Cose 

f3B/c 2 
M38/C M>B/C ( f>B/C) 2 

1, 52+1, 60 350±13 228±30 0,266±0,037 2,09±0,13 

1,60+1,68 363±13 131±26 0~124±0,034 2,45±0,13 

1,68+1,76 339±12 195±31 0,256±0,038 2, 19±0, 16 

8 

PaccMOTpeHu pacnpe~eJieHHSI nonepet.tHblX H npo~oJibHblX HMnynbcos 

BTOpHqHblX rr--M830HOB B C.ll M rr-p-s3aHMOneACTBHA ITO HHT8pBaJiaM 
0 + -cneKTpa ~a;c cHcTeMu K5rr rr . B Ta6JIHU: 2 npHseneHu cpenHHe 3Hat.te-

HHSI PT H pL AJISI OTpHUaT8JibHblX t.taCTHU h 2 B 

( o6o3Hat.teHHSI a (2),(3) ),·conposo~naiDmHx 

npennono:«eHHH 

o6pa3osaHHe 

rr -M830HOB 

0 + -K
5

rr
1

rr 1 , a o6naCTH 

60KOBblX HHTepBaJiaX 

THpOM Ha pHC. 1. 
* -<pL(rr2 )> 3aMeTHO 

KOM6HHaUHA: 

H3yt.taeMOA CTpyKTypu H B COC8.1lHHX CHMMeTpHt.tHblX 

no 80 M3Bjc 2 H3 cneKTpa Mace, noKa3aHHOro nyHK

JlJIR KOM6HHaUHA: H3 o6naCTH CTpyKTypbl 3Hat.teHHe 

M8HbW8, t.teM B 60KOBblX HHTepsanax, 3Hat.t8HHSI 

<pT(rr;)> MaJIO OTJIHqaiDTCR. 3TO OTpa~aeTC$1 Ha pacnpeneneHHHX no se-
* - -* - - - rne e (rr1 ,rr2 ) -JIHt.tHHe COS& (rr

1
,rr

2
) B C U M rr p-B3aHMO.lleA:CTBHA:, 

yron Me~llY HanpasneHHRMH nepsHt.tHoro rr~-Me30Ha H rr;-Me3oHa, conpo-
- . 0 + -aox,naiDIUero oopa3osaHHe cHCTeMbi K5rr1rr1 . cp::::;n:ee 3Ha'!eH!-!e BeJnPn'IHbl: 

* - -C~S8 (rr
1

,rr
2

) llJIR KOM6HHaUHA: H3 HHT8pBaJia CTpyKTypu M8HbW8, t.t8M B 

COC8llHHX CHMM8TpHt.tHblX 6oKOBblX HHTepsanaX TOfO ~e pa3Mepa (Ta6JI. 2). 

8 06JiaCTH CTpyKTypu,no cpaBH8HHID C 6oKOBblMH HHTepBaJiaMH, OTHOCHTe

JibHO M8HbWaR qaCTb rr;-M830HOB HanpaBJieHa B nonyc~epy nepBHt.tHOfO 

rr~. cooTBeTcTBeHHO, cpenHee 3Hat.teHHe KsanpaTa t.teTupexMepHoro nepe

naHHoro HMnynbca OT nepsHt.tHoro rr~-Me30Ha rr;-Me3oHy ( t.tacTHUe, Tox-
0 + -

necTseHHOA HaJieTaiDmeA, conposo~naiDIUeA: o6pa3oBaHHe CHCTeMu K5rr1rr1 l 

a o6nacTH H3yt.taeMOA: cTpyKTYP~ 60Jibille, ~eM a 6oKosux HHTepsanax 

(Ta6JI.2). BepoRTHO, 3TO RBJIR8TCR yKa3aHHeM Ha OTHOCHTeJibHO 6~AbWYID 
HeynpyroCTb npoueccos c o6pa3osaHHeM K(1627). 

ITpoaepKa TIOKa3aJia OTCYTCTBH8 nono6HUX oco6eHHOCTeA JlJIR K
0

, 
+ - + s rr
1

, rr
1

, h
2 

-t.taCTHU. AHaJIH3, orpaHHt.t8HHYA H8B03MO~HOCTb~ Bblll8JI8HHR 

OTneJibHblX H8ATpaJibH~X yJieTeBWHX t.taCTHU H3 CHCT8Mbl X
0

, fiOKa3blBaeT, 

t.tTo K(l627) He s:~sns:~eTcR nponyKTOM pacnana KaKoro-nH6o pe30HaHca, a 

~aCTHOCTH, B CHCT8M8 K~rr~rr~rr;. He HaA:neHO yKa3aHHR Ha COBM8CTH08 

po~neHHe K(l627) C .llpyrHMH B03MO~H~MH pe30HaHCaMH,· npOllYKTOM pac

nana KOTOp~X RBnReTCR n;. ITO-BHnHMOMy, neA:CTBHTeJibHO,pacCMOTp8HH~8 

xapaKTepHCTHKH rr;-Me30HOB yKa3blBa~T Ha OTHOCHT8JibHO 6~JibWYID Heyn

pyrOCTb npoueccos c o6pa3oBaHHeM .K(1627). 
Ha pHc. 3a cnnowuoA: JIHHHeA: noKa3aHO pacnpeneneHHe rr;-Me30H_os 

ITO B8JIH~HHe XF nnSI KOM6HHaUHA H3 06JiaCTH CTpyKTypbl, nyHKTHpOM -

cpenaee B3BeweHHoe pacnpeneneHHe rr; no XF H3 cocenHHX cHMMeTpHt.tHblX 

6oKOBblX HHT8pBaJIOB no 80 M38jc2 . Ha pHc.36 TIOKa3aHa p~3HOCTb 3THX 

pacnpeneneHHA. conposo~na~mHA: o?pa3osaHHe K(l627) rr;-Me3oH a oc

HOBHOM HanpasJieH B ITOJIYC~epy MHW8HH B C ll M rr-p-B3aHMOneACTBHA H 

o6pa3yeTcR a o6nacTH -0,2 sxF(n;)< o. 
Ha pHc.4a npeJlCTasneao pacnpeneneHHe K03!pqlHUHeHTa acHMMeTpHH 
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PHC.3. a) PacnpeneneHHR rr2-Me30HOB, 
0 + -M6HHaUHA Ksrr1rr1 , no BenHqHHe XF. 

nnR KOM6HHaUHA H3 06naCTH CTpyKTypa 

conposo)f{,[latomHe o6paJosaHHe Ko

CnnowHaR nHHHR -_pacnpeneneHHe 
(1,60+1,68) rss;c 2 . nyHKTHp -

cpenHee a3aeweHHoe 

(1,52+1,60) r3Bjc 2 , 

pacnpeneneHHe nn~ KOM6HHauHA H3 HHTepsanoa 

(1, 68+1, 76) r3Bjc 2 . 6) Pa3HOCTb 3THX pacnpene-

~•enn~. 

a 
;;: 

(ID!J 
-1 0 I 
XF11l2ll 

~ b ~ -o 2 t 
' . " . ~ .. + 

-o,; . ++tt+f -
0,6 1,6 2.4 

r-r-

t 

Jl 
1,6 

;:;: 0 . 
" 
~ -0,2 

e 
" < 

-0,4 

0,8 

~ l. ::Ill 
-1 0 , ,, 
XFfTT2.t' 

·+++i+/ 
1,6 2,4 

t 

1,6 

M(K;n;n;J r) B/c 2 M(K ;n;n;l rl S/c 2 

' mmr-r-
-- 0,3 -1 0 l 
11- "eT 

~ 0,1 ·. t + 
m + + ~ ++++· 

-0,1 

t 

tt 
L,_ 

0,1 1,~ 2,4 1,6 

M (K$ n;rr; I r,B/c 2 

PHC.4. PacnpeneneHH~ K03~$HUHeHTa aCHMMeTpHH A=(B-F)/(B+F) no HH-
0 + -TepsanaM cneKTpa Mace K5rr1rr1 -cHcTeMu. nn~ Ka~oro pacnpeneneHHa 

fiOKa3aH CfiOC06 pa3neneHHH KOM6HHaUHA DO rpynnaM F H B B 3aBHCHMOC

COfipOBOXHaiDmero .o6pa30BaHHe CHCTeMU, TH OT HanpasneHHR rr2 -Me30Ha, 

B C U ~ rr-p-B3aHMOBeAcTBHA H OT 3HaqeHHR BeJtHqHHl:l O&T' XapaKTepH-

3y~meA yrnu Mexny nonepeqHNMH HMOYJtbCaMH qacTHU, BXOBRWHX B CHCTe

MY (CM. TeKcT). ITyHKTHP- pe3yJt&TaTY annpoKCHMaUHH pacnpeneneHHA 

6e3 HHTepaana (1,60+1,68} r3Bjc 2 ~YHKUHeA (4). noxa3aHN $parMeHTU 

pacnpeneneHHA ~nR o6nacTH CTpyKTypu H COCeBHHX CHMMeTpHqHNX 60KO-

sux HHTepsanos Taro ~e pa3Mepa 

10 

0 + -
A=(B-F)/(B+F) no HHTepsanaM cneKTpa 3~eKTHBHNX Mace Ksrr 1rr1 , rne 
F - KOnHqeCTBO B3B€lli€HHYX KOM6HHaUHA C rr;-Me30HOM, HanpaeneHHNM B 

nonyc~epy nepsHqHoro rr~-Me30Ha (B c ll M rr-p-B3aHMoneACTBHA), B

B nonyc¢epy MHW€HH. 3HaqeHH€ A B o6nacTH K(l627) BNnenHeTCR H3 o6-
mero pacnpeneneHHR. AnnpoxcHMaUHR MeTonoM HaHMeHoWHX xsanpaTOB 

cnexTpa 6e3 o6naCTH CTpyxTypa cnyHKTHP Ha pHc.4a) ~YHKUHeA eHna 

BG(M)=C(3)+C(l)·M+C(2) ·M
2

, (4) 

rne M- s¢$eKTHBHaR Macca, C(il - non6HpaeMNe napaMeTpl:l, xapaKTe-

pH3yeTC~ 3HaqeHH~MH x 2 (5)=2,32 , CL=0,81. AnnpoKCHMaUH~ acero 

npHBOBHT K x 2 (6)=17,65 , CL= cneKTpa, BKn~qaH o6nacTb cTpyKTypu, 

0,007. npH annpoKCHMauHH cneKTpa npaMoA nonyqanTC~ 6nH3KHe pe3ynb

TaTN. C yq~TOM OWH60K OTKJlOHeHHe senHqHHN A B o6naCTH CTpyKTYPN OT 

cpen»eA s3aeweHHOA senHqHHN A, suqHcneHHoH no cocenHHM CHMMeTpHq

HUM 60KOBl:lM HHTepsanaM TOrO ~e pa3Mepa, xapaKTepH3yeTCH 3HaqeHHR

MH x 2 (1)=22
1

3 , CL= 2,1·10-6 • BepOHTHOCTb TaKOrO cnyqaAHOrO CTa

THCTHqeCKOrO Bbl6poca (11] Ha HHTepsaJte 240 M38/C
2 

B OBHOfl: H3 Tp~X 
RqeeK no 80 M3B/c 2 pasHa: P ~ CL·3 ~ 0,6·10-

5
. 

KHHeMaTHqecKH 3HaqeHHR napaMeTpa A H€ CKOppenHpOBaHN C KOJIH

qecTBOM KOM6HHaUHA B OTBeJlbHNX HHTepaanaX cneKTpa Mace. 06HapyxeH

HaH oco6eHHOCTb a o6nacTH CTPYKTypu, no-BHBHMOMy, yKa3usaeT Ha TO, 

qTo K(1627) o6pa3yeTcH e npoueccax c noauweHHoA HeynpyrocTb~. 

3. BUn npOBeneH OOHCK B03MOXHUX OC06eHHOCTeA pac·nana K(1627)-o 

0 + -K
5

n n . npH H3yqeHHH HMOYJtbCHl:lX H yrJtOBblX pacnpeneJteHHA OTBeJtbHUX 

qaCTHU- nponyKTOB pacnana, HX KOppenRUHA Me~ny ·co6ofl: (aHaJtOrHqHUX 

KOppeJtRUH~M B (3+5]) 3aM€THUX OC06eHHOCTeA BJtH KOM6HHaUHA H3 o6Jta

CTH CTpyKTypu nO cpasHeHH~ C npyrHMH HHTepaanaMH CTieKTpa MaCC 

0 + -K
5

rr n He HaAneHO. HeT yKa3aHHA H Ha KaCKaBHNA pacnan CTpyKTypu. 

Ho ecnH K(1627} - neACTBHTeJtbHO $H3HqeCKHA 3~eKT, HeKOTOpNe ero 

CBOACTBa CBR3aHU C MeXaHH3MOM pacnana, H MOXHO O~HnaTb HX npoasne

HHR B oco6eHHOCTRX KHHeMaTHqe~KHX pacnpeneJteHHA, OTJ1H4aDmHX HHTep

aan cTp~xTypu oT npyrHx HHTepsanos cneKTpa Mace. 

nayxqacTHqHue xoppenauHH HHorna H3yqa~TCR s TepMHHax napaMeT-

pa aCHMMeTpHH 

A=[N(8T>rr/2)-N(8T<rr/2))/[N(6T>rr/2)+N(8T<rr/2) ], (5) 

rne &T - yroJt Me~ny nonepeqHNM~ HMOYJtbCaMH nsyx qaCTHU, N - KOJtH

qeCTBO KOM6HHaUHA (12+14). 3aSHCHMOCTb K03~HUHeHTa aCHMMeTpHH A 
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OT 3$$€KTHBHOR MaCCN M nap n-Me30HOB rr+rr- H rr±rr± Hccnenosanacb B 

rr p-B3aHMoneAcraaax npa 40 f3B/c [14]. no seeR coaoxynHocrH co6~
THA 3aBHCHMOCTb BeJIHGHHU A OT M(rrrr) .!lRR n+rr- H rr±rr± 6una OpHMepHO 

OBHHaKoaa. Ho OpH pa3HOCTH 6UCTpOT Ay~0,2 H pa3HOCTH nonepeGH&X 

HMnyJibCOB 6pT~0,2 f38/C B pacnpe.!leneHHH BeRHGHHN A no HHTepaanaM 
+ - 0 cnexrpa Mace rr rr .ana KOM6HHauag H3 o6nacra Maccu p -Me3oaa aa6n~-

~anac& oco6eHHOCTb. no pe3yn&TaTaM aHanH3a 6un c.aenaH BNBO.!l o B03-

MO~HOM BRHHHHH o6pa30BaHHR p 0
- Me3oHa Ha _pacnpeneneHHe yrnoB Me~-

+ -ny nonepeqHNMH HMnyn&caMH rr, n -Me3oHos (14]. 

noxo~aa aaanH3 6un s&nonHeH a rr-p-a3aHMo~eacraHRX npa 16 f38/c 
0 + -

nna K5 rr rr -CHCTeMN. ilO BeeR COBOKYDHOCTH C06NTHg H3 CneKrpa, DOKa-

3aHHOfO nyHKTHpOM Ha pac. 1, aaanH3Hposanaco paenpe~eneaHa senaqHHN 
0 + -oeT no HHTepaanaM cneKTpa Mace K
5

rr
1

rr
1 

(o6o3aa~eHHR a (2)J: 

0 - + 0 + - 0 - + 0 + -oeT=(8T(K5 rr1 , rr1 ) -eT (K5 rrl'.rr1 ) )/ (eT (K
9

rr
1

, rr
1

} +8T (K
9

rr
1

, rr
1
)), ( 6) 

0 - + 0 -r~e eT{K rr1 ,rr1 ) - yron Me~.!lY nonepeGHNMH HMnynocaMH cacreM& K rr
1 

H 
+ s 0+- s 

rr1 -Me3oHa, eT(K9rr1 ,rr1 ) - yron Mexny nonepeqH&MH HMnynocaMH CHcTeM& 
0 + - + -

K9rr1 H rr1 -Me3oaa, rr1 , rr1 - 3apaxeaaue qacTHUN, axonamHe ! paccMaT-

PHBaeMy~ KOM6HHaUH~ H3 cneKTpa Mace, B npe.anOJIO~eHHH rr--Me30HOB. 

Yrn& M€~.!lY nonepeGHNMH HMOynocaMH BTOpHGHNX qaCTHU - B€RHGHHY HH

H e cacreMe uearpa Mace cranKH
ea~mHXCH qacTHU. COOTB€TCTB€HHO, HHBapHaHTHa H B€JIHttHHa 08T. AHa

JIH3 fiOKa3aJt, ttTO B 60JI&llleA" ttaCTH KOM6HHaUHit H3 .HHTepsana Mace 

K(l627) no cpaeaeHH~ c ApyrHMH HHTepeanaMH cnexTpa yron Me~AY no-
0 + -

BapHaHTHU€ a na6oparopaog eHcTeMe 

nepettH~MH .HMnyJtbCaMH CHCTeMU K rr
1 

" n
1

-Me30Ha 60Jtbllle, tteM yron Me-
S 0 - + ~y nonepettHUMH HMflYJtbCaMH CHCT€MU K

5
rr

1 
H rr

1
-M€30Ha. 

0Tpa~eHH€M pacnpeAeJieHHA" BeJtHttHHU 88T HBJIReTcH pacnpeneneane 
K03~HUH€HTa aCHMM€TpHH A=(B-F)/(B+F) no HHTepeanaM cnexrpa Mace 

0 + -
K

5
rr1 rr1 -cHcTeMu (pHC.46), r~e F - KOJIHqeCT80 B3B9ll€HHNX KOM6HHaUHH 

3Haqeuae A a o6nacra K(1627} su.aenReTca H3 C 08T~O. B - C 08T<O. 

o6mero pacnpeneneHHR. AnnpoKCHMaUHR MeTO.l(OM ·HaHM€HbWHX KBa.!lpaTOB 

CD€KTpa 6e3 06JiaCTH CTpyKTyp& (fiyHKTHp Ha pHC. 46) $YHKUHeH (4) xa

paKTepH3yeTCR 3HaGeHHRMH x 2 (5)=2,93 , CL=0,71. AnnpOKCHMaUHa BCe

ro cnexTpa, BKn~qaa o6nacT& cTpyxrypu, npasonHT x. x 2 (6)=15,11 , CL 

=0,02. C yq~TOM OWH60K OTKROHeHH9 B9JIHGHHN A B o6naeTH CTpyKTypu 

OT Cpe~HeA 83BeWeHHOA BeJIHqHHU A, B&qHCJI9HHOA: no COCS~HHM CHMMeT

pHqHYM HHTepsanaM Taro ~e pa3Mepa, xapaxrepH3yerca 3HaGeHHHMH 

x
2

(1)=9,92 , CL=1,7·10-
3

. BepOHTHOCTb TaKOlO cnyqaA:Horo CTaTHCTH

qeCKOlO 8&6poca aa HHTepaane 240 M3B/c 2 a o.aHoH H3 rp~x aqeex no 
2 -3 80 M38/C pasHa: P J::: CL·3 J::: 5·10 • 
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KHHeMaTHqecKH 3HaqeHHR napaMeTpa A He CKOppenHpOB8HY C KORH

qeCTBOM KOM6HH8UHA B OT~enbHYX HHTepsanax CneKTpa Mace. 06Hapy~eH

HaR OC06eHHOCTb B o6naCTH CTpyKTypu, 00-BH~HMOMy, RBRR€TCH OTpa~e

HHeM CBORCTB K(1627), CBR38HHYX C MeXaHH3MOM pacna~a. 

4. 9B€HTyan&HNA: OO.!lXO~ K aHaRH3Y qepe3 napaMeTp aCHMMeT'pHH A 

~a~T B03MOXHOCTb HC00Rb30BaTb B O~HOM pacnpe~eneHHH H€CKORbKO 

CBOACTB Ka~~oro OT.!l€HbH010 C06NTHH H3 06naCTH CTpyKTypu (3+5). 

PHC.4B HRH~CTpHpyeT 3TOT CDOC06, yqHTUBaDmHR O.!lHOBpeMeHHO HanpaB

neHHe rr;-Me3oHa, conposolK.!laiOmero o6pa3o8aHHe. cac~eMu + K~rrirr~ , H 

3HaqeHHe 8€RHqHHN 08T, 8 KOTopy~ 8XO.!lHT napaMeTpN K
5

, rr
1

, rr
1 

-qac

THU. Ha pHC.48 DOKa3aHO pacnpe.!leneHHe K03¢¢HUH€HTa aCHMMeTpHH A= 
0 + -(B-F)/(B+F) no HHTep8anaM cneKTpa Mace K
5

rr1rr
1

, r.!le F - xonaqecT80 

B3B€W€HHNX KOM6HHaUHR C rr;-Me30HOM, HanpasneHHUM 8 nonyc~epy Hane

Ta!Out€10 rr~-Me3oHa a c U M rr-p-B3aHMO.!leAcTBHR, H 8enaqaaoa oeT~o, 

B.- KORHqecTBO B38€WeHHYX KOM6HHaUHA C rr;-Me30HOM, HanpasneHHYM B 

nonyc~epy MHWeHH H BenHqHHOA: 08T<O. AnnpOKCHMaUHR M€TO~OM HaHM€Hb

WHX KBa~paros pacnpe.!leneHHR 6e3 o6nacTH crpyKrypu ( nyHKTHp aa 

pHC.4B ) $YHKUHet:!: (4) xapaKTepH3yereH 3HaGeHHRMH x 2 (5)'=1,3 , CL= 

0,93. AnnpoKCHMaUHH scero paenpe~eneHHH, sxn~qaa o6nacr& crpyxTy-
2 -5 

pu, npHBOnHT K X (6)=30,0 1 CL=4·10 • C yq~TOM OWH60K OTKROH9HHe 

aenaqaH~ A s o6nacTH cTpyxrypu or cpe.!lHeA: B3seweauoa senaGHHN A, 

a~qHCJieHHOA: nO COCe~HHM CHMMeTpHGHUM 60KOB~M HHTepsanaM TOIO I€ 
2 -8 

pa3Mep~. xapaxrepH3yerca 3HaqeHHRMH: x (1)=30,1 , CL=3·10 • Bepo-

HTHOCTb TaKOfO 

ne 240 M3Bjc 2 

-7 CL·3 ~ 1·10 • 

cnyqaAHoro craTHCTHGecKoro s~6poca 

B OHHOR H3 Tp~X gqeeK no 80 M38jc 2 
Ha HHTepsa

pasHa : PJ::: 

TaKHM o6pa3oM, e co6uTHRX H3 o6nacTH crpyxrypu B cnexrpe Mace 
0 + -K
5

rr rr -CHCTeMu o6aapy~eaa oco6eHHOCTb yrnoaux pacnpe~eneHHA, KOTo-

paa, DO-BH~HMOMy, RBRR€TCR OTpa~eHHeM CBORCTB CTpyKTypN, "CBR3aHHYX 

C MeXaHH3MOM e~ 06pa30BaHHH H pacna~a. BepORTHOCTb cnyqaRHOR CTa

THCTHGeCKOR $~YKTyaUHH B o6~aCTH CTpyKTypu no Cpa8H€HH~ C coce~HH

MH CHMM€TpHqHUMH 60KOBUMH HHTepsa~aMH TOIO ~e pa3Mepa COCTaBHRST 
-7 1·10 . KHHeMaTHqeCKH OC06eHHOCTb He CKOppenHpOBaHa C o6mHM KORH-

qecTBOM C06UTHR B o6nacTH CTpyKTypu. ilpORBneHHe OC06eHHOCTeA o6pa-

30BaHHR H pacnana, KHHeMaTHqeCKH He CKOppenHpOBaHHUX Mex~y·co6oR, 

B C06UTHRX H3 o6naCTH CTpyKTypu DOHTBep~naeT yKa3aHHR ~a cymeCTBO

BaHHe K(1627)-M€30Ha c ManoR WHpHHOA, nonyGeHH~e B (1]. 

5. o6uapyxeHHaR oco6eHHOCTb o6pa3oBaHHR K(1627) ~aeT B03MO~

HOCTb BBeCTH orpaHHqeHHR Ha OT6op KOM6HHaUHA B cneKTp 3¢¢€KTHBHYX 
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0 + -
Mace K5rr IT H 3HaqHT€RbHO yMeHbWHTb ~OH. nns 3TOro MO~HO HCITORb30-

BaTb pacnpe~eneHHR nO ·Kaa~paTy qeT~pexMepH~X nepe~aHH~X HMnynhcos, 
yrnoa&e H HMITYRbCH&e pacnpe~eneHHS B C U M rr-p-B3aHMOHeACTBHA HRR 

rr;-Me3oHa - qacTHU&, To~necTaeHHO~ HaneTa~meA H conpoao~naiDmeA o6-

pa3oBaHHe K(l627)4K~rr1rr~. B qacTHOCTH, suwe noKa3aHo, qTo cTpyKTy
pa B OCHOBHOM o6pa3yeTca B q6naCTH -0,2 ~XF(rr;)< 0. 

npH nocTaHOBKe ueneaoro 3JieKTpoHHoro 3KcnepHMeHTa ·JlJUi CHH)Ke

HHa ~OHa YJl06HO 6&110-6& BB€CTH B TpHrrepHyD CHCTeMy OrpaHHqeHHR 

JlJIS OJlHOrO H3 BTOpHqH&X rr--M830HOB, ITO 3HaqeHHRM B€JIHqHH B Jia6opa
TOpHOA CHCT€Me, He Tpe6yDmHX JlOITOJIHHT€JihHHX pacqeTOB. HanpHMep, 

MO~HO HCITOJib30BaTb 3HaqeHHS HMITYJibCa p(rr;) HAH yrna OTKAOHeHHR OT 

nanpasnenaa nyqxa .e(rr~,rr;). 

Kax H cnenosano O)[HltaTb H3 pe3yAhTaToa aHami3a, noxaJaHHhlX a 
Ta6R.2, B nabopaTOpHoA CHCTeMe HMnyAbCHhlA cneKTp rr;-Me30HOB B o6-

RaCTH CTpyKTyp& MHrtte, tteM B 60KOBhlX HHTepaanax cneKTpa Mace 
0 + -. -

K5 rr1rr1 , 3HaqeHHR yrna OTKROHeHHH ~anpasneHHR rr
2

-Me30HOB OT HanpaB-

neHHR nyqxa Bhlwe. cpenHHe 3HaqeHHR 3THX senHttHH a o6nacTH cTpyxTy

phl paaHI:.I: <p(rr;)>=(2176±118) M3B/c, <8(rr~,rr;)>=(0,338±0,0l7) pan. 

CpenHHe B3BeWeHHNe 3HatteHHR 3THX B€RHttHH, BhlttHCAeHHhle no COCeltHHM 

CHMMeTpHt{HblM 60KOBI:lM HHTepaanaM TOro xe pa3Mepa, ttTO H HHTepBaR 

CTpyKTypbl, paBHbl! <p(rr;)>= (2446±96) M38/C, <8(rr~,rr;)>= (0,302± 

0,014} pan. oueHxa noxa3ana, qTo K(1627) o6pa3yeTca a o6nacTH pac

npeneneHHA 3THx aenattHH: 

p(rr;) < 1800 M38/c, 

B(rr~~rr;) ~ 0,24 pan. 

(7) 

(8) 

8BeAeHHe OrpaHHtteHHH (7) Ha OT60p KOM6HHaUHA B cneKTp Mace 
0 + - . 

K5 rr Tl (pHC.l, nyHKTHp) yMeHbWaeT ¢0H B o6naCTH CTpyKTyp& Ha 48% 

( pHC. 5a), BBelteHHe orpaHHtteHH:st ('8) yMeHbWaeT ¢QH Ha 62% ( pHC. 56). 

HCITORb30BaHHe o60HX orpaHHtteHHA CHHXaeT ~OR B 06AaCTH CTPYKTYPI:l 

Ha 68%. 

CneKTp 3~eKTHBHhlX Mace KOrr+rr- C OrpaHHtteHHRMH (7),(8) noxa-. s 
3aH CnAOillHOA RHHHeA Ha pHC.6a. OTKROHeHHe KORHtteCTBa KOM6HHaUHA B 

06AaCTH.nHKa (1600+1680) M38Jc 2 OT cpe1(Hero B3BeilleHHOrO KORHtteCTBa 

.KOM6HHaUHA, BI:lttHCneHHOrO no COCeltHHM. CHMMeTpHttHblM 60KOBblM HHTepaa

AaM B 80 M38jc
2

, xapaKTepH3yeTCH BeAHttHHaMH x 2 { 1) =29, 0
1 

CL= 
-8 . 

5,4·10 • BepORTHOCTb cnyttaHHOH CTaTHCTHtteCKOA $AYKTyaUHH pasHa P~ 
-7 

1, 6·10 . COOTBeTCTBeHHO, OTKROHeHHe B o6nacTH Upoaana ( 1520+ 

1600) M3B/c
2 

npHBOAHT K x 2 (1)=29,1, CL=5,1·10-8 , P~l,5·10-?. 

14 

' I 
100 

" c 
~ 

~ 

~ 

,; z 50 

0 
1,0 1,5 2,0 2,5 1,0 1,5 2.0 2.5 

M(K~n·n·)rJB/c 2 

PHC. 5. PacnpeneneHHR B3BeWeHHblX KOM6HHaUHA no 
0 + -K
5

rr rr -cHcTeMhl. a) PacnpeneneHHe c orpaHHtteHHeM 

AeHHe C orpaHHtteHHeM (8) (CM. TeKCT) 

' I 
100 

* ~ 

~ 

~ so 

3~~eKTHBHblM MaCCaM 

(7~. 61 pacnpene-

0 
1,0 1,5 2,0 2,5 1,0 1,5 2.0 2.5 

M(J::~n•n·)rJB/c 2 

PHc.6. PacnpeneneHHH B3BeWeHHUX KOM6HHaUHA no 3$$eKTHBHUM MaCCaM 
0 + -K
5

n rr -cHCTeMu. a) cnnowaaa nHHHH - pacnpeneneHHe c orpaHH4eHHHMH 

(7), (8). fiYHKTHp - HOpMHpOBaHHOe Ha nnow.altb 3Toro pacnpeneneHHf£ 

$OHoaoe pacnpeAeneHHe. 6) 4>oa0aoe pacnpeneneHHe, nony4eHHoe aae

neaHeM B cneKTp, llOKa3aHHblA Ha pHC.l nyHKTHpOM, orpaHHtteHHA, npo

THBOITORO~H~X orpaHHtteHHf!M (7) ,(8) (CM. TeKCT) 
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MeTO~OM HaHM9HbWHX KBa~paTOB C WafOM 20 M38/C 2 npoaeneHa an

npOKCHMaUHR ~YHKUHeA (4) yqacTKa cneKTpa Mace Ha HHTepsane (1520+ 

1760) M38jc
2 

C HCKRDqeHHeM fiHKa. AnnpOKCHMaUHR XapaKTepH3yeTCR Be

RHqHHaMH x
2

(5)=2,9, CL=0,7. 8 npe~nono~eHHH HyneBOA rHOOTe3U (11] 

KORHqecTBO CTaHnapTHNX OTKROHeHHA B 06naCTH fiHKa Han $OHOM paBHO 

8,2, OTHOill€HHe CHrHaR/$OH paBHO 0,9. 
0 + -

BseneHH€ B C~eKTp Mace K6rr rr , ~OK~3aHHNH Ha pHC. 1 nyHKTHpOM, 

orpaHaqeHHA ( p(rr2 )~1SOO M~B/c H 8(rr1 ,rr
2

)<0,24 pan. ), 

RO~HUX orpaHHqeHHRM (7), (8), npHBOHHT K pacnpeneneHH~ 

nO-BH~HMOMy, 

npOTHBOITO

Ha pHC. 66. 

3TO pacnpeneneHHe MO~HO paCCMaTpHBaTb KaK ~OHOBOe no 

OTHOWeHHD K pacnpeneneHH~ C orpaHHqeHHRMH (7), (8). HopMHpOBaHHOe 

Ha nnoma~b cneKTpa c orpaHHqeHHRMH (7) ,(8), ~OHosoe pacnpeneneHHe 

OTpa.~eHO Ha p!o!:C, 6~. ITYH!<:'!'!-!pOY.. C'!'2..'!'Y.CTY.'"l:eC!(J-le oum6K~{ 3 OT.zte;;:on:C.:A 

HHTepsana_x ~OHOBOrO pacnpeneJieHHR Ha pHC. 6a Bbii..JHCJIRJIHCb C yqt!TOM 

HOpMHpOBO'IHOfO K03ql¢HUHeHTa .6.(n~)=k· (.6.ni). 8 npennoJIO::t<eHHH HyJieBOA: 

rHOOTe3bl KOJIHt.teCTBO CTaHnapTHUX OTKROHeHHA B o6naCTH fiHKa H3 pac

npeneneHH~ C orpaHH4€HHRMH (7} 1 (8) Han ¢0HOM paBHO 8 1 3. 

0 + -AHanorw-tHo npoue.ilype a pa6oTe [3], nHK s cneKTpe Mace K
5

rr rr 

C orpaauqeHHRMH (7), (8) (!!OKa3aHHOM Ha pHC.6a COROWHOA JIHHHeA) 

nposepea s npencrasneHHH cneKTpos 3¢¢eKTHBHbiX Mace npyrHx- B03MO~

H~x rHDOTe3 0 KOHeqHQM COCTORHHH 3apR::t<eHHbiX qacTHU. ~RR C06biTHA H3 

o6naCTH fiHKa (C yt.tt!TOM OUeHKH HOHH3aUHH Ha TpeKaX 3apR::t<eHHbiX qac

THU B Ka~noM KOHKpeTHOM C06UTHH) 6UJIH fiOCTpOeHN CfleKTpbl Mace B03-

MO~HNX KOHKypeHTHNX rHnOTe3 0 Tpt!Xt.taCTHI..JHOM KOHeqHQM COCTORHHH C 

K~-Me30HOM. Bee cneKTpN ll!HpO!<:He. AnnpOKCHMaUI-Hi cneKTpOB ~YHKUH€A 
( 4) ( nposepKa Ha 11 fJianKOCTb 11

) He BbiRBJIReT BHyTpH HX CTaTHCTHqeCKH 

~HaqHMbiX Oco6eHHOCTeA. 

nocne sse.n;eHHR orpaaHqeaHR ( 7), (B), Hcnonb3yDmHx oco6eHHOCTb 

06pa30BaHHH K(l627). B IT-p-B3aHMO.!l€ACTBHRX ITpH 16 f~B/C, H yMeHbWe

HHR KORHqecTBa ~OHOBUX KOM6HHaUHA B o6naCTH CTpyKTypN (pHC. 6a) 

caosa npoBO.!lHnacb nposepKa aa cymecTsosaaHe xacKanHoro pacnana. 

YKa3aHHA Ha KaCKa.llHNR pacnan K(1627) (Bbl.!leJieHHbiX no Macce npoMexy

TOt.tHNX COCTORHHA B ITIT 1 Kn-CHCTeMaX) He HaAneHO. 

ECRH orpaHHt.teHHH (7),(8), HCfiORb3y~mHe TOJibKO OC06eHHOCTb o6-
0 + -pa30BaHHH K(1627), BNqt!pKHBaDT H3 cneKTpa MaCC K
5

rr IT ¢0HOBNe KOM-

6HHaUHH, nnH OCTaBWHXCR KOM6HHaUHR B HHTepsane CTpyKTypbl CneKTpa C 

orpaHHt.teHHHMH, ITOKa3aHHOrO Ha pHC.6a CITJIOWHOR RHHH€A, .!lOJl~Ha Ha-

6nDnaTbCR oco6eHHOCTb pacnana, 3aperHcTpHposaHHaR paHee (pHc.46) H 

KHHeMaTHqecKH He CKOppeJIHpOBaHHaR C OC06€HHOCTbD o6pa30BaHHR. ~eA

CTBHT€JlbHO, 3Ha"l:eHHe napaMeTpa aCHMMeTpHH A B 06JiaCTH CTp'yKTypbl, 
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OTpaxaDmero oco6eHHOCTb pacnana K{l627) ( oco6eHHOCTb yrnosux pac
npeneneHHA Me~y nonepeqHNMH HMnynocaMH nponyKTOB pacnana (6) ), 

sunenReTca H3 o6mero pacnpeneneHHR (pac.7al, nocTpoeHHoro nna cne
KTpa c orpaHaqeHHRMH {7),(8). 3HaqeHHe napaMeTpa As o6nacTH cTpy
KTypu ysenHqHnoco c 0,155±0,052 (pac.46) no 0,313±0,073 (pHc.7a). 

YBenHqeHHe CTaTHCTHqeCKHX OWH60K B pacnpe~eneHHH CBR3aHO C yMeHb

WeHHeM CTaTHCTHKH. 

AHanorHqaoe pacnpe~eneHHe napaMeTpa A no HHTepsanaM cneKTpa 

MaCC (pHC.76) fiOCTpOeHO ~~R suqepKHYTNX ~OHOBUX ~OM6HHaUH~, HaXO

~RmHXCH B CfieKTpe Ha pHc.66. 3~eCb 3HaqeaHe BenHqHHU A B 06RaCTH 

crpyKTypbl pasHa 0,013±0,073 H s npenenax owH6oK He su~enaeTcR H3 

o6mero pacnpeneneHHR. 

nyHKTHpOM aa pHc.7a H 76 nOKa3aHa annpOKCHMaUHR MeTonoM HaH

MeHbWKX KBanpaTOB ~YHKUHeA ( 4) pacnpe.n:eneHKA 6e3 o6naCTH c·tpyi<Ty

pbl. AnnpOKCHMaUHR pacnpe.n:eneHHR, fiOKa3aHHOf0 Ha pHC.7a, C HCKR~·

l-ieHH€M H BKJmqeaHeM o6naCTH CTpyKTypN xapaKTepH3yeTCR. COOTBeTCT

BeHHO senHqHHaMH. x 2 (5}=3,8, CL=O,SB H x
2

(6)=20,5, CL= 2,3·10-
3 

3Haqeaue nocnenaeA senHqHHbl Ha nopanoK MeHbwe, qeM aaA~eaaoe paHee, 

no sse.n;eHHR orpaauqeaHA ( pHc. 46). AnnpoKcHMaUHR pacnpeneneHHR Ha 

pHc.76 npusonHT K senHqHHaM x 2 (5)=1,86, CL=0,87 (6e3 o6nacTH 

CTpyKTypbl) H x 2 (6}=2,6, CL=0 1 86 (C o6naCTb~ CTpyKTypu). OTKROHeHHe 

BenHqHHbl A B o6naCTH CTpyKTypu OT cpenHeA B3BeWeHHOR senHqHHbl A, 

BblqHCReHHOA 00 COCenHHM CHMMeTpHqHbiM 60KOBUM HHTepsanaM TOfO ~e 

pa3Mepa, xapaKT€pH3yeTCH sepORTHOCTbD cnyqaAHOA CTaTHCTHq~CKOR 

tpnyK_TyaUHH ~nR pacnpe~eneHHH c orpaHHqeHHRMH (7),(8) 
-3 

P=4,5·10 

nna cpoHoBoro pacnpeneneHHH P=0,96. 

Cne.!lOBaTeRbHO, orpaHHqeHHR (7} 1 (8}, HCDORb3y~mHe OC06eHHOCTb 
6 0 + - . 

o pa3osaHHR K(l627}, BNqt!pKHBa!OT H3. cneKTpa Mace K9rr n , noKa3aH-

Horo Ha pHC. 1 ITYHKTHpOM, ,!leRCTBHTeRbHO cpOHOBble KOM6HHaUHH. 

6. npoueccN c o6pa3osaa~eM K(l627) Mo~ao 3anHcaTb xaK 

- - + n
1

p
1 

~ K(1627)rr2B , (9) 

0 + - -rne K(1627}~K5rr 1rr 1 , rr
2 

- t.tacrHua+ To::t<necTseaHaa Hanera~meR, conpo-

so~na!Omaa o6pa3osaaHe K(l627) 1 B - 6apHOHHaR cHcTeMa, conposo~na

Dmaa o6pa30BaHHe K(l627), BKnDqa~maa a ce6a nono~HTenbHO 3apa~eH

HYIO qaCTHUY h; H X0 - ynereBWHe H€3aperHCTpHpOBaHHbl€ B KaMepe HeA

TpanbHble t.taCTHUbl. B COCTaBe 6apHOHHOR CHCTeMN s,+ .!lOmtCHa 6b1Tb O.!lHa 

crpaHHaa qacrHua. 8 cnexrpax Mace B+, x
0 

nna xoM6HaauHR H3 o6nacTH 

CTpyKTypbl ReT yKa3aHHR Ha KaKHe-nH60 pe30HaHCHbl€ COCTOHHHH, Bbl.lle-
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PHC.7. Pacnpe.neneHH~ K03~HUH€HTa aCHMMeTpHH A=(B-F)/(B+F) no HH-
0 + - . 

TepsanaM cnexTpa Mace K5rr1rr1-cHcTeMu. F - xonaqecTBO B3BeweHHUX 

KoM6HHaUHA c aeT~o, B - c aeT<O. BenHqHHa aeT xapaxTepH3yeT yrnu 

Me~y nonepeqHUMH HMnynbCaMH qaCTHU, BXO.RRUlHX B CHCTeMy. ITyHX

THp - pe3ynhTaTN annpoKCHMaUHH pacnpeneneHHA 6e3 HHTepsana (1,60+ 

1,68) f3B/c
2 ~YHXUHeA (4). rroxa3aHN $parMeHTN pacnpeneneHHR nn~ 

06JiaCTH CTpyKTypu H COC€.RHHX CHMMeTpHqHNX 60KOBNX HHTepaaJIOB TO

re ::Ke pa3Mepa. a) Pacnpe.n:eneHHe ..ana XOM6HHaUHA H3 .cneKTpa Ha 

pHC. 6a C orpaHHqeHHRMH (7),(8). 6) PacnpeneneHHe .RRR KOM6HHaUHA H3 
$OHOB010 cneKTpa Ha PHC.66 

18 

neHHNe no Macce. HeT yKa3aHHR 

(9). cneKTP Mace B+ oxaaTNaaeT 

Ha KBa3H~ayxqacTJ.tqHoCTh npoueccoa 
. 2 

HHTepaan (1600+3800) M3B/c c nona-

~HT€1IhHNMH 3HaqeHH~MH KBanpaTOB He~octaO~HX MaCe, qTQ CBHneTeJibCT

ByeT o nonycTHMOCTH npoueccoa (9). 

BaeneHHe orpaHHqeHHR (7), (8) npe~nonarano auneneHHe npoueccoa 

C OOBNWeHHOA HeynpyrOCTbn. 8 Ta6JIHll€ 3 OOKa3aHN cpenHHe 3HaqeHH~ 

KBanpaTOB qeTYp~XMepHNX HMnynhCOB, nepenaHHYX OT CTaJIKHBanWHXC~ 
- + 0 + -qacTHU n
2

-Me30HY H CHCTeMaM B H K5rr 1rr 1 , nn~ KOM6HHaUHA H3 HHTep-

sana Mace CTPYKTYPY a pacnpeneneHHH Ha pHc.6a (BKn~qa~weM a ce6~ 

npoueccu c o6pa3oaaHHeM K(l627)) H a pacnpe.D.eJieHHH .Ha pHc.66 (co.D.ep)l(aLUeM 

TORhKO ~OHOBNe npoueCCN). neACTBHTeJibHO, B npoueccaX, BKJIDqaDWHX B 

ce6~ npoueccN c o6pa3osaHHeM K(l627), cpenHHe 3HaqeHH~ xsanpaTOB 

qeTa:ps::n.::epn!:.:X m~r:y.r:~cce, nepe..!!.2.HH:ZX OT nep!!HYHO!"'O rr 1 - Me3oHa qac

THUe, To~ecTseHHOA HaneTanweA, conposo*na~weA o6pa3oBaHHe cTpyK

TypN, H OT npOTOHa - 6apHOHHOA CHCTeMe 8+, HaMHOro. BNWe, qeM B ~0-
HOBNX npoueccax. CpenHHe 3HaqeHH~ KBanpaTOB qeTNp~XMepHYX HMnynh-

- 0 + -COB, nepenaHHNX OT nepaHqHoro n 1 CHCTeMe K5rr1n 1 , MaJIO OTJIHqa~TC~. 
- - + -

H3yqaeMYe npoueccu MO~Ho 3anHcaTh xax rr1p 1 ~ M B , rne M ~ 
0+-- + +0 K
5

rr
1

rr
1

rr
2

, B ~h2 X . KsanpaT qeTNp~XMepHOIO HMOYJibCa, nepenaHHOrO OT 

nyqxa Me30HHOA CHCTeMe M-, paseH KBanpaTy qeTNp~XMepHOIO HMOYJibCa, 

nepenaHH010 OT MHWeHH 6apHOHHOA CHCTeMe B+. 8 Ta6JI.3 noKa3aHO, qTQ 

a npoueccax, BKn~qa~mHx npoueccu c o6pa3osaaHeM K( 1627) . cpe~Hee 

3HaqeHHe KBanpaTOB nepenaHHNX B+-CHCTeMe qeTNp~XMepHNX HMOYJibCOB 

HaMHOro 60JibWe, qeM B ~OHOB~X npoueccaX. COOTBeTCTB€HHO, TaKOA ~e 

pe3ynhTaT H nn~ M-. CnenoaaTenbHO, K{l627) o6pa3yeTcR B npoueccax 

c nonuweHHoA HeynpyrocTb~. 

nnR BN~CHeHH~ xapaKTepa Heynpy!OCTH npoueccOB MO*HO HCOOnh30-

BaTb H K03$¢HUH€HT HeynpyrOCTH K=(E(O)-E(rr-))/E(O), -onpenen~eMNA 

xaK nomt nonHoA 3HeprHH E(O) B3aHMoneAcTsyntUHX qacTHU. ywe.nwa~ Ha 

o6pa30BaHHe HOBUX qaCTHU (15]. 3.R9Cb E(rr-) - 3HeprH~ BT~pHqHorO IT~ 
-Me3oHa, ecnH a npouecce o6pa3yeTCR onHH n-. EcnH s np-cfuecce o6pa-

3yeTc~ HeCKOJibKO rr--Me30HOB, E(n-) - 3HeprHH caMOIO 6YcTporo_ n-. B . . . 
Ta6n.4 OOKa3aHU cpe.D.HH€ 3HaqeHHR X03¢$HUHeHTa HeynpyrOCTH < K >, 

. - . 2 
auqHcneHHue ~n~ npoueccoa H3 HHTepsana (1,60+1,68} r3B/c a pac-

npeneneHHRX Ha pHC.6a H 66 C HCOOJib30BaHH€M 3Hep!HH rr;~Me30Ha, CO
O + -npoao~a~~ero o6pa3oaaHHe cHcTeMu K n 1rr 1 . cpenHHe 3HaqeHH~ K03~H-

" s UH€HTa·< K > BYqHCJieHU C HCOOnb30BaHH9M 3HeprHH CaMOIO 6UCTpOrO H3 

nsyx n -Me3oHOB. 

ITOCKOJibKY B yKa3aHHOM HHTepaane 

eCTh ~OHOBNe KOM6HHaUHH H KOM6HHaUHH C 
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H3 pacnpe.neneHH~ Ha pHc.6a 

K(1627), a OTHOWeHHe CHr-



Ta6naua 3 

CpenHHe 3Ha~eHHH KBa~paTOB qeT~p~XMSpH~X HMnynbCOB, nepenaHH~X 

OT CTaRKHBa~ruHXC~ qaCTHU BTOpHqHUM, nnR npOUBCCOB B HHTepsane 

2 0 + -(1,60+1,68) f3B/C cnexTpa Mace K5rr n : H3 pacnpeneneHHH c 3$-

¢exTOM (pHC. 6a, CITROWHaR nHHHR) H H3 pacnpeneneHHR C ~OHOB~MH 
npoueccaMH CpHc.66) 

cneKTp Mace <-t(rr; .... rr;)> + - 0 + -<-t(p1-+B )> <-t{rri-+K5rr1rr1 )> 
0 + -

Cr>B/cJ 2 
cr>B/cJ 2 

( r3B/cl 2 K9rr rr 

C 3-,:PPeKTOM 3,79±0,2:0 6,71±0,32 5,30±0,29 

<flOHOBUA 1,24±0,11 4,34±0,24 5,95±0,28 

Ta6nuua 4 

Cpenaue 3aaqeHHH K03~HUHeHTOB aeynpyrocTH nna npoueccoa 
2 0 + -a HHTepaane (1,60+1, 68) r3B/c cneKTpa Ma·cc K

5
rr rr : H3 

pacnpeneneHHH C 3~eKTOM (pHC, 6a, CITJIOWHaH nHHHH) H H3 

pacnpeneneHHa c qJOHOB&MH npoueccaMH (puc. 66) 

• " cnexTp Mace < K > < K > < K > 
0 + -K5 rr rr 

-
C 3qxfleKTOM 0,955±0,002 0,839±0,010 0,894±0,006 

qlOHOBUA 0,798±0,010 0,766±0,010 0,766±0,010 
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Hanj¢OH COCTaBnReT 0 1 9, OU8HKa cpenHero 3HaqeHHR K03~HUH8HTa He

ynpyrocTH < K > nnR npoueccoa a 3TOM HHTepsane pacnpeneneHHR Ha . " 
pHC. 6a nposonanacb B388WHBaHH8M BenHqHH < K > H < K > C COOTB8TCT-

sy~~HMH secaMH 3~eKTa H ¢aHa. nnR paccMaTpHBaeMoro HHTepaana a 

" pacnpeneneHHH Ha pHc.66 aenHqHHa < K >pasHa< K >, TaK KaK 3necb 

Ha6n~na~TCR TOnbKO ¢0HOBU8 npOU8CCU. ilonyqeHHNe OUBHKH cpenHHX 

3Haqeaaa K03~HUH8HTa HeynpyrocTH < K > noKa3WBa~T, qTo K(1627) 

o6pa3yeTCH a npoueccax c noawweHHOA ueynpyrocTb~. 

AHanorHquwe pegynbTaTH, CBH~eTenbcTsy~~He o pa3~eneHHH npo

ueccoa no ueynpyroCTH, nonyqeuw ~na co6wTHA H3 ~pyrHX HHTepaanoa 

CITeKTpOB 3~~eKTHBHHX MaCe, ITOKa3aHHYX Ha pHc.6a H 66. 

TaKHM o6pa30M, a paMKax cymecTay~mero ~OpManH3Ma nonxo~a K 

HeynpyroCTH anpOHHWX CTORKHOB8HHA ITOKa3aHO, qTo K(1627) neACTBHTe

nbHO o6pa3yeTCH a npoueccax c noauweaaoA aeynpyroCTb~, no-sunHMO

My, a ueHTpanbH~X CTOnKHOBeHHHX. Pa3neneaue npoueccoa no aeynpyro

CTH B03MO~HO orpaHHqeHHeM 3HaqeHHA HMnynbCa qaCTHUU, TOXH8CTB8HHOA 

HaneTa~meA, H yrna OTKROH8HHH HanpaBneHHH TOR Xe qacTHUH OT Hanpa

BneHHH aaneTa~weA B na6opaTOpHOA CHCTeMe. 

OCHOBH~E PE3YRbTAT~ 

1. 8 rr-p-B3aHMO~eACTBHHX npH 16 f3B/C B qeT&pexnyqeBWX C06W

THHX C H~8HTH<flHUHposaHHWM K0-Me30HOM aHaRH3HpOSaJICH OCHOBHOA, CTa-
S 0 + -

THCTHqecKH uau6onee gaaquMuA, KaHan pacnana K(l627)-+K9rr rr , 3ape-

rucTpHpoaaHH&A paHee (1). BnHRHHR KHHeMaTHqeCKHX OTpaXeHHA H3B8CT

HUX <flH3HqecKHX 3~8KTOB Ha noasneHHe CTPYKTypu B cneKTpe MaCe 

K0rr+rr- ae aaAneao. AHanH3 noxa3an oTCYTCTBHe KacKana~x pacnanos. 
s 

2. B COOTBeTCTBHH C pe3YRbTaTaMH .. {2+5] B pa6oTe C<flOpMy-

RHpOBaHa MNCnb 0 TOM, qTO, ecnH Ha6n~~aeMaH B CfleKTpe 3qlqJ8KTHBHNX 

MaCC CTPYKTypa - qacTHUa HJIH pe30HaHC, 'TO HeKOTOpbie ee CBOH:CTBa CBH-

3aHW C MexaHH3MOM o6pa30BaHHH H pacnana. 3TH CBOACTBa MOryT npo

HBHTbCR B OC06eHHOCTRX KHHeMaTHqeCKHX pacnpeneneHHA HnR C06NTHA H3 

o6nacTH CTpyxTypu, oTJIHqa~mHx e~ OT npyrux HHTepsanoa cneKTpa 

Mace. npoasneHHe nono6aux oco6eaaocTeA, KHHeMaTuqecxH He cKoppenu

poaaHH~X C 06WHM KOnHqeCTBOM C06HTHA B o6naCTH CTpyxTypu, MO~eT 

CTaTb HOnonHHTenbHHM TeCTOM nnR OTnHqH$1 <flH3HqecKOf0 3cp¢8KTa OT 

CTaTHCTHqecKOfO BN6poca, BNHCHR~WHM neTanH o6pa30BaHHR H pacnana 

H3yqaeMoA CTPYKTYPN. 
0 + -

8 pa6oTe npoaeneu noucK oco6eHHOCTeA CTPYKTYPN K(1627)-+K5rr rr , 

CBH3aHHRX C MeXaHH3MOM e~ o6pa30BaHHH H pacnana, 6TJIHqa~WHX C06N-
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THH H3 o6naCTH cTpyKTypy OT C06YTHA M3 ~pyrMX MHTepsanos cnexrpa 0 + -s~eKTMBHHX Mace Ksrr rr -cHcTeMY. 
3. H3 pe3ynoTaTOB MHOrOqMcneHHHX ony6nHKOBaHHHX pa60T ITO H3yqeHHn HHKnn3HBHHX H 3KCKnn3HBHHX npoueCCOB B pa3nHqH&X B3aHMO~eACTBHSX qaCTHU cne~yeT, qTQ BTOpHqage qaCTHUH, TOxnecTB9HH&e CTan

KHBaD~HMCS, MO~HO paCCMaTpHBaTb KaK HHaHKaTopY CTeiT9HH aeynpy!OCTH 
a~pOHHHX CTOnKHOB9HHA H HCITOnb30BaTb HX ~na pa3~eneHHH npOU9CCOB no aeyrrpyrocrH. 

B rr-p-B3aHMone~cTBHHX npa 16 rsB;c npa aaanH3e pacnpe~eneaaA napaMerpos qacTHU&, ToxnecTaeaaoA aaneTanmeA, conpoaoxnanmeA o6pa-3osaaHe K0rr+rr--CHCT9MU, o6Hapy~eHa OC069HHOCTb B o6naCTH H3yqaeMOA s 
. crpyxrypw, yxa3&Ban~aa Ha To, qro K(1627) o6pa3yerca a npoueccax c ITOBDI:lll9HHQA Hey!!pyrccn.JC. 

4. no pe3ynbTaTaM H3yqeaaa ~ayxqacrHqa&x KoppenauaA a rr p-B3aHMoneAcTBHHX npH 40 rsB/c asTopaMH pa6oT~ (14]-6Yn cnenaH sYson o B03MO~HOM snHHHHH o6pa3osaHHH p 0-Me3oHa aa pacnpeneneaae yrnos + -Me~~y nonepeqaYMH HMnynbcaMH rr , rr -Me30HoB. 
ITOXO~HA aaanH3 B&ITOnHeH B rr-p-B3aHMoneACTBHHX ITpH 16 rsBjC. npa H3yqeHHH pacnpe~eneaaA yrnoa ·Me~ny nonepeqa&MH HMnynbCaMH qac-0 + -THU, sxonamax B CHCTeMy Ksrr rr , o6aapyxeaa OC06eHHOCTb B o6naCTH H3yqaeMoA CTpyKTyp&, KOTOpaH, 

CBOACTB, CBH3aHHHX C MeXaHH3MOM 
ITO-BHnHMOMy, aanaeTCH 
pacnana K(1627). 

OTpa:teHHeM 

5. SBeHTyanbH&A nonxo~ K aaanH3y _qepe3 napaMeTp acHMMeTpHH A 
orpa~aeT B onaoM pacnpe~eneHHH cymecraoaaaae o6eax o6aapyxeHH&X oco6eaaocreA H3yqaeMOA ·crpyKTypw, KHHeMaTaqeCKH He c~oppenapoaaaHYx Me~y co6oA. Oco6eaaocTb o6pa3oaaaaa H pacnana . KHHeMaraqecxa · He cxoppenaposaaa c o6mHM xonaqecTBOM co6NTHA a o6nacTH cTpyKTyp&. 0UeHKa BepogTHOCTH CnyqaAHOrO nogsneHHH OC069HHOCTH, CBR3aHHOA C MexaHH3MOM 06pa30BaHHg H pacna~a, B 06naCTH H3yqaeMOA CTpyKTyp& 0 + -CfieKTpa Mace Ksrr IT ITO CpaBHSHHD C COCS~HHMH CHMMeTpHqH&MH 60KOBN-MH HHTepaanaMH Toro ~e .pa3Mepa ~aeT 3Haqeaae 1·10-7 . 3TOT H ~pyrHe pe3ynbTaTN pa6oTDl ITO~TBep~aiDT yKa3aHHg Ha cymeCTBOBaHHe K(1627)M830Ha C r=(12~i~) M3B/C 2 , nonyqeHHNe B (1]. 

6. 0C069HHOCTb o6pa30BaHHR K(1627) ~ana B03MO~H0CTb BBeCTH 0 + -orpaaaqeaag a cnexrp Mace Ksrr rr H 3aaqaTenbHO yMeHblllHTb ¢oa. rrpo-sepxa c acnonb30BaHHeM oco6eaaocTH pacnana noxa3ana, qTo H3 cneKTpa BNqepXHYTN ¢0HOB&e KOM6HHaUHH. 8 COOTB9TCTBHH C ¢opMaRH3MOM nonxona K HeynpyroCTH anpOHH&X CTORKHOB9HHA ITOKa3aHO, qTO K(1627) neAcTBHTenbHO o6pa3yerca B npoueccax c no~NllleHHOA aeynpyrocTbiD, ITO-BHHHMOMy, B U9HTpanbHNX CTOnKHOB9HHHX. Pa3neneHae npoUeCCOB ITO 
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HeynpyrOCTH B03MO~HO orpaHaqeHH8M 3Haqeaaa HMITynbca qaCTHUN, TO~neCTB8HHOR HaneTaDmeA, H yrna OTKnOH9HHH aanpasneHHH TOR :te qaCTH
UN OT HanpasneHHR HaneTanmeR s na6opaTopHoA cHcTeMe. 

7. npenno~eHH&e cnoco6u awHsneHHH oco6eHHOCTeR o6pa3oBaHHR H pacnana K(1627), cnoco6u pa3neneHHH npoueccoa no HeynpyrocTH, sepoHTHO, MO~HO HCITORb30BaTb ITpH BNRCH9HHH BOITpOCOB 0 cymecTBOBaHHH npyrax ¢H3HqecKHX ~¢¢eKTOB H npa nocTaHoaxe uenesNx sneKTpoHH&X sKcnepaMeHTOB nnH suneneHHR npoueccos B ueHrpanbHNX ana nepa¢epH
qecKHX CTOnKHOBeHHHX qaCTHU. 

ABTOp 6naronapHT UEPH 3a npenocTasneHHYD B03MO~HOCTb o6pa6oT-
KH ¢0TOCHHMKOB o6nyqeHHR rr--MeJOHaMH npH 
noponaoR ny3NpbKOBoA xaMepN. 3a none3HNe 
nax pa6oTN asTop 6naronapea B.H.Mopo3y, 
$.A.rapeeay, A.n.HepycanHMoay. 
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